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This invention relates to apparatus for con 
verting crushed mineral material. More par 
ticularly, this invention relates to apparatus for 
continuous heat treatment of crushed material. 
An important object of the invention is to 

provide a furnace with a vibratory deck or hearth 
serving as the bottom of the furnace, gas Seals at 
the ends and sides of Said deck and means be 
neath said deck for vibrating said deck. 
According to one embodiment of the inven 

tion heat is applied directly to a material bed 
On the deck. 
According to another embodiment of the in 

vention, the heat may be applied to the upper 
surface of a muffle of suitable material such as 
carborundum and may be transmitted there 
through to gaseous material passing over the vi 
bratory deck. Such gaseous material may be 
adapted to reduce material on said hearth. 
Other objects, features and advantages will 

appear upon consideration of the following de 
tailed description and of the drawings in which 

Fig. 1 is a somewhat diagrammatic longitudi 
nal vertical Section of a furnace constituting one 
embodiment of the invention; V 

Fig. 2 is a view Showing on a larger Scale the 
ends of the furnace of Fig. 1, the central part 
being broken away; 

Fig. 3 is a Section taken along the line 3-3 
of Fig. 2; 

Fig. 4 is a longitudinal vertical Section, Similar 
to Fig. 2, of a modification; and 

Fig. 5 is a vertical section taken along the line 
5-5 of Fig. 4. 

In Figs. 1, 2 and 3, there is illustrated a pre 
ferred embodiment of the furnace of the pres 
ent invention. The foundation of any suitable 
material such as concrete comprises side Walls 
iO and a wall at the discharge end of the 
furnace. 
dation walls 0 and f l are side walls 2 and a 
discharge end wall 3 of the furnace proper, 
these walls being constructed of suitable refrac 
tory material. At its top the furnace may have 
a flat roof 4 made up of members or blocks of 
refractory material suspended from I-beams Sup 
ported at their ends on the side walls 2. 

Extending across between the side walls 2 and 
substantially from end to end of the furnace is 
a vibratory deck or hearth f5 which serves as 
the bottom of the furnace proper and also as 
part of a vibrating feeder or conveyer. The ma 
terial is opened up by this vibrating movement 
and the heat treatment is accelerated. 
The hearth 5 comprises a box 6 carried by s 55s 

Supported respectively by said foun 
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2 
a Suitable frame including - longitudinal mem 
ber's and transverse members 8. Said box 
which is illustrated on Fig. 3 as having high sides, 
may be filled to an intermediate level with a body 
9 comprising heat insulating and refractory ma 

terial having metal reinforcements (Fig. 3). 
This body 9 of refractory material is formed with 
Side walls 20 to keep the material from escaping 
at the Sides and these side walls and the side 
edges of the box 6 extend beneath overhanging 
portions of the side Walls 2. Beneath the hearth 
or deck there is a gas seal extending completely 
around the periphery of the hearth. This seal 
may be of the lute type. In Some cases it may 
be desired to use firebrick in constructing the 
bOdy 13, in View of the abrasion-resisting quality 
Of the brick. 

Preferably the hearth 5 has a generally down 
Ward inclination from its inlet end to its outlet 
end near wall 13, and the upper Surface of the 
refractory body 9 is formed with a plurality of 
Successive steps so that the material is fed from 
step to step and is thoroughly turned over and 
opened. 
As illustrated the material is Supplied to the 

furnace through a feeder 2, and a chute 22 re 
ceiving material from the feeder and extending 
at its lower end over a lip 23 inclined outwardly 
from the upper edge of the adjacent end wall of 
the box 6. The lower end of said chute is se 
cured to the top or roof of the furnace and is 
Spaced from Said lip 23 to prevent striking of the 
chute by Said lip. The gap between the lip 23 
and the end of the chute will be sealed by the 
material Supplied in sufficient quantity to the 
chute 22 through the feeder 21. The flow of ma 

* terial into the furnace may be controlled by a 
sliding gate 24 extending through the top of 
the furnace, and in this way materia? may be 
accumulated to assure sealing of the apparatus 

At its discharge i end the vibratory hearth í 5 
is provided with a lip 25 overlying a lip 26 on the 
casing of a discharge device 27 having a rotary 
fibbed member 28 mounted in a part cylindrical 
chamber and discharging into an outlet 29: . If 
desired the discharge stream may be divided and 
discharged through a plurality of discharge de 
vices 27. The space between the lips 25 and 26 

50 
preventing relative movement therebetween. If 
may be sealed by the treated material. Without 

desired the lip 25 may be cooled in any suitable 
The furnace chamber may be heated by means 

of birners 30 projecting inwardly through the 
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upper parts of the side walls 2 near the dis 
charge end of the furnace and extending as far 
toward the inlet end as desired. 
The hot gases from the burning of fuel in the 

burners and also those produced by the treat 
ment of the material may pass to the inlet end 
of the furnace and be discharged from the fur 
nace through a flue 3 I connected to the top of the 
furnace. In this travel of the hot gases over the 
material bed, there is a decided temperature 
drop indicating efficient utilization of the heat. 
The hearth or deck 5 may be supported by 

inclined compression Springs 32 interposed be 
tween the longitudinal members 7 and supports 
33 which may be projecting portions of the side 
walls O of the foundation. The vibratory move 
ment of the hearth may be effected by suitable 
vibrators 34, here illustrated as hydraulic vi 
brators comprising in each case a cylinder 35 
having its base 36 connected by a pivot 37 to a 
bracket 38 on a fixed support 39 and a ram com 
prising a piston 40 in Said cylinder and a piston 
rod 4 connected to Said piston and to a pivot 42 
in a bracket 43 projecting downwardly from said 
vibratory hearth or deck. At the free end of the 
cylinder, the piston rod 4 passes through the 
head 44 of the cylinder. 

Fluid such as oil is admitted under pressure, 
through a duct 45 into the space between the 
cylinder base and the piston, long enough to 
move the piston outwardly the requisite distance 
and is then shut off. The oil is discharged 
through a duct 46 having a central entrance in 
Said base 36, into an exhaust duct 47, when the 
piston is forced back in the return movement of 
the hearth. This return movement may be 
cushioned by means of a tapered plug 48 on the 
Side of the piston opposite the piston rod and 
arranged to enter said central entrance of duct 
46, where although it is too small in cross section 
to close said central entrance, it will progressively 
restrict the flow of fluid and cushion the return 
movement. It will be understood that a valve 
arrangement of known form may be utilized to 
Open, and close the connection between the duct 
45 and the source of its supply and correspond 
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ingly ClOSe and open a connection betWeen paS 
Sage 46, duct 47 and a discharge line. The re 
turn movements may be assisted or produced by 
supplying fluid Such as oil between the piston 
40 and the head 44 through a duct 49 in the 
latter. This action may be effected by produc 
ing and relieving pressure in this part of the 
cylinder or by applying pressure from yielding 
means, such as Spring means. 
The refractory body 9 of the deck or bed 5 

may be reinforced. As indicated in Fig. 3, this 
may be done, by providing metal reinforcing ma 
terial 50 substantially parallel to the upper Sur 
face of the deck and transversely extending 
reinforcing material 5 attached to devices 52 in 
the Side walls of the box 6 and carried down 
wardly and upwardly across the bed, being 
fastened at the low points to devices 53 Secured 
to the bottom of the box and at the high points 
to the material 50. 

It will be evident that the deck or hearth 5 is 
protected against contact with hot gases Of com 
bustion by the material thereon and that the 
discharge device 27 may be protected by the 
treated material by maintaining an accumulation 
of treated material thereover. 
In Figs. 4 and 5, there is disclosed a modifica 

tion which differs from the first form of furnace 
principally by providing a muffle 54 of suitable 
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4. 
material Such as carborundum extending across 
the furnace below the burners, 30a, an inlet 55 in 
the wall 3a through which suitable gases, CO 
for example, may be introduced beneath the 
muffle to assist in obtaining the desired result. 
In this form the material is heated by indirect 
or radiant heat. 
The walls 2a receive the edges of the muffle 54 

which may be arched, and in order to prevent 
spreading of these walls under lateral stresses 
thus produced, they may be supported by Suit 
able means which may include I beams 56, en 
gaging said Walls at their Outer faces. 
Due to the use of the muffle 54, there are 

separate means for discharging gases from the 
two chambers separated by the muffle. In ar 
ranging for Such separate discharge means, an 
arch-supported Wall 57 may be provided to close 
the right hand end (Fig. 4) of the chamber 58 
above the muffle. The chamber 59 below the 
muffle extends beneath the wall 57 to provide for 
a flue or stack 3 a through which gases from the 
lower chamber 59 are discharged, and for a chute 
22a through which material to be treated is fed 
into said lower chamber 59 and deposited on the 
vibrating hearth or deck 5a. At the left of wall 
57 is an upright flue or stack 60 through which 
gases from the upper chamber 58 are discharged. 
The hearth or deck 15a is supported in the 

Same general way as the deck of the first form, 
by springs 32d. interposed between deck frame 
members fla and supports 33a. Vibration of the 
deck 5a may be effected in any suitable manner, 
for example by standard vibrators 34a connected 
to the frame of said deck or hearth. 5a and yield 
ingly supported by struts 6 mounted on Springs 
62 carried by parts of the foundation. 
At its inlet end the deck (5a is provided with 

a lip 23a beneath said chute 22a and Spaced 
therefrom to avoid striking, the apparatus being 
sealed at this point by a suitable accumulation 
of material at this location under control of a 
vertically slidable gate 24d. 
At its discharge end the deck 15a is provided 

with a lip 25a overlying a lip 26a of a discharge 
device 27a in which the discharge is controlled by 
slidable gates 28a operated alternately by hand 
or by a suitable operating device. It should be 
noted that in the form of apparatus illustrated 
in Fig. 4, the hearth í5a is substantially hori 
zontal and the muffle 54 is similarly arranged. 
Although the hearth 5 of the first form of 

the apparatus has been described generally as 
having one end higher than the other and as 
having steps at its upper surface, there has been 
no description of various features which appear 
to be of importance and which will now be con 
sidered. ? 

The upper Surface of Said deck 5 Slopes down 
wardly from its receiving end to an intermediate 
point and then extends substantially horizon 
tally to its discharge end. In the sloping or in 
clined portion of the hearth f5 there are broad 
Steps 63 with generally flat tops and in the hori 
zontal part there are narrow steps 64 of which 
the tops slope downwardly and rearwardly. The 
forward edges of steps 64 are substantially in 
the same horizontal plane and between these 
forward edges are pockets 65 located at the 
bottoms of the steps. The broad steps 63 retain 
the material thereon for a longer period than 
would narrower steps and decrease the number of 
times the material is rolled over, as when it rolls 
off a step. SLLSSL S 

In passing along the steps 64 in the horizontal 
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part of the hearth 5, the larger and heavier 
objectS or particles sink into the pockets 65 and 
are held back with reference to the lighter par 
ticles so as to receive additional treatment and 
be broken down. By having the burners 30 close 
to the material bed as in the first form, the heat 
from the burner flames paSSes largely by radia 
tion directly to the material bed and is ab 
sorbed thereby. In the second form of furnace, 
the burners are close to the muffle 54 and the 
greater part of the heat from the adjacent 
burners 30a, passes by direct radiation to the 
muffle and from the other side of the muffle the 
heat passes by radiation to the material bed. 

It should be understood that the positions of 
the discharge flues and the burners may be 
varied to control the heating in different parts 
of the furnace. 

It should be understood that various changes 
may be made and that certain features may be 
used without others, without departing from the 
true Scope and Spirit of the invention. 
Having thus described my invention, I claim: 
1. A high temperature heat treatment furnace 

comprising a chamber lined with refractory ma 
terial and having as its bottom a Vibratory re 
fractory deck effective to feed therealong a bed 
of crushed mineral material and the like, means 
for vibrating said deck positioned beneath Said 
deck, gas seal means at the Side edges of Said 
deck, gas seal means for introducing Such ma 
terial into the chamber and depositing it on the 
receiving end of Said deck, gaS Seal means for 
receiving material from the discharge end of 
said deck and discharging it from the furnace, 
a gas outlet above said receiving end, and heat 
ing means for the material on Said deck includ 
ing burners in said chamber and Spaced from 
said outlet. 

2. A furnace comprising a chamber lined With 
refractory material having as its bottom a re 
fractory vibratory hearth having a downwardly 
inclined portion at its receiving end and then 
a flat portion inclined upwardly from the plane 
of said inclined portion. 

3. The combination according to claim 2 
wherein said downwardly inclined portion has 
steps with wide substantially horizontal tops. 

4. The combination according to claim 2 where. 
in said flat portion is provided with steps in 
clined rearwardly to form pockets to the front 
of said steps to receive and retain for additional 
treatment the larger and heavier bodies. 
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6 
5. A high temperature heat treatment furnace 

comprising a chamber lined with refractory ma 
terial and having as its bottom a vibratory deck 
effective to feed therealong a bed of crushed mini 
eral material, means for vibrating said deck be 
neath Said deck, said deck having an upper face 
of refractory material, gas Seals between said Wi 
bratory deck and the side Walls of said chamber, 
gaS Seal means for introducing such material into 
the chamber and depositing it on the receiving 
end of Said deck, gas Seal means for receiving 
material from the discharge end of said deck and 
discharging it from the furnace, means for Sub 
jecting the material at the discharge end of Said 
deck to high temperatures, and means for dis 
charging resulting high temperature gases from 
the receiving end of said furnace. 

6. A high temperature furnace as set forth in 
claim 1 wherein said vibratory deck is provided 
With a plurality of steps to cause the material to 
roll over as it passes from step to step toward 
the discharge end of the deck. 

7. A high temperature furnace as set forth in 
claim 1 wherein there is a muffle beneath said 
burners and over Said vibratory deck to radiate 
heat thereto, a filueto draw gases from the part 
of the chamber above Said mufile, and a fiue to 
draw gases from the part of the chamber below 
Said muffle. 

WARREN. S. MARTIN. 
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